The objective of this study was to document the accuracy of the classification equipment used in the Czech Republic with respect to measurement errors in lean meat percentage prediction such as point of measurement error, equipment error as well as operator error. To this end, a total of 720 pigs were measured in one abattoir. One can say from the results that the correlations between correct and surrogate measurements of fat depth are high (0.95-0.98), for muscle thickness they are lower ranging from 0.49 to 0.88, and for lean meat percentage they are in the range of 0.85-0.95. The lowest correlation (0.49) was calculated for muscle depth measurement between the 2 nd and 3 rd last rib when the place of measurement was moved 1 cm in the caudal direction, which influenced the level of the FOM correlation. It was further demonstrated that for the second insertion the differences in lean meat percentage prediction ranged from -6.07% to +9.29%. It was also demonstrated that various instruments provided identical measurements of fat depth (r = 0.57-0.97), while for muscle depth the performance was worse (r = 0.38-0.78), which caused a fluctuation in the prediction of lean meat percentage with differences ranging from -2.56% to +2.81%. It can also be concluded that a high agreement between operators was demonstrated for the determination of lean meat percentage (r = 0.71-0.80).
Every classification equipment used to predict lean meat percentage in abattoirs in the EU must be approved according to Commission Regulation (EC) No. 3127/94. It stipulates various rules for the trial which needs to be carried out before the approval. This also applies to the minimum accuracy of the equation developed for use in the classification equipment.
In most European countries slaughter pigs are brought to slaughterhouses at the age of six months, which means that their carcass weight is in the range of 75-90 kg and the average lean meat percentage ranges from 55 to 60%. Their classification takes place in the framework of the SEUROP system, which provides for objective payments to pig producers as well as for a gradual increase in the lean meat proportion, which reflects the orientation of the breeding of meat type pigs and is regulated according to an EU scheme.
The scheme for grading by using objective measurements to estimate lean meat percentage was introduced in 1984. Leanness was calculated by means of full dissections, which was very expensive and this approach also introduced biases. To remove these distortions the EC decided to simplify the dissection by the definition of the lean meat percentage based on the dissection of 4 main cuts (Regulation (EC) No. 3127/94; Walstra and Merkus, 1995) . As a consequence, all member states had to carry out a new dissection trial and assess new classification methods (Brondum et al., 1998; Busk et al., 1999; Scholz et al., 2002; Collewet et al., 2005) .
Most of the classification methods use 2 or 3 predictors: 1 or 2 fat depths and one muscle depth. One fat depth and the muscle depth are measured laterally to the midline, generally 6 cm off, in the rib area, in most cases at ¾ last ribs (LR). When a second fat depth is used, it is either at ¾ last lumbar vertebra (LV) 8 cm off the midline or at the LR 6 or 8 cm off the midline (Bruwe et al., 1991; Pulkrábek et al., 1992 Pulkrábek et al., , 1994 Fortin, 2003) .
For lean meat measurement most EU countries have used probes based on indirect measurements of back fat as well as loin eye area depth (reflectance, optical or ultrasound). It means that these values are determined indirectly. Unless the indirect measurement is related perfectly, the predicted values deviate from the true values because there are various measurement techniques which differ in resolution, profile analysis and quality of components and there is a lack of perfect correlation. Moreover, the use of different breed types and variation in production systems cause variation in carcass composition and conformation. This variation must be taken into account when classification systems are implemented (Kien and Borzuta, 2002; Pulkrábek et al., 2004; Nissen et al., 2006) .
However, the rules of Regulation (EC) No. 3127/94 do not mention anything about the test of reproducibility and robustness of the types of classification equipment. Therefore, it is possible to carry out the test of classification equipment and to develop an equation on the basis of measurements from one piece of equipment and one operator. This means that the variation within copies of the same equipment is unknown, thus making the prediction of the maximum accuracy of equipment impossible due to different errors depending on the equipment used for the measurement of fat and muscle depth to predict lean meat percentage (Pulkrábek et al., 1998; Krška et al., 2002) .
Invasive manual equipments penetrating the skin are influenced by the slaughter process and the operator. The slaughter process may also be influenced by differences between abattoirs as well as countries. If so, the penetration of the probe through the skin is different, which influences especially the fat depth.
Errors can also occur because of differences between copies of the same classification equipment. There are no rules for the testing and calibration of the equipment, which means that a variation between copies of the same type of equipment can exist. The reproducibility of measurements from the same type of equipment is unknown and must be determined (Engel and Walstra, 1991; Daumas et al., 1998; Olsen, 2003) .
To document the accuracy of the classification equipment used in the Czech Republic it is necessary to split the sources of error in lean meat percentage prediction to the following separate sources: -point of measurement error (finding an adequate surrogate repeated measurement) or replication of measurement, -equipment error (variation between copies of the same equipment, or the capacity of the instrument to measure fat depth and muscle depth correctly), -operator error (variation between operators).
MATERIAL AND METHODS
The sources of error (incorrect determination of lean meat percentage) tend to be as follows: 1. Incorrectly determined place of measurement. 2. Capacity of the instrument to measure fat depth and muscle depth correctly. 3. Error of the operator (classifier).
In view of the sources of possible errors, the work has been divided into 3 parts.
Place of measurement
In order to determine the error from an incorrectly determined place of measurement, the following six classification insertions were done per animal: 2 nd -3 rd last rib 7 cm off the midline (right point), 2 nd -3 rd last rib 7 cm off the midline (repeat in the same hole), 2 nd -3 rd last rib 1 cm cranial to the right point, 2 nd -3 rd last rib 1 cm caudal to the right point, 3
rd -4 th last rib 7 cm off the midline, 1 st -2 nd last rib 7 cm off the midline. The measurement was done on 105 carcasses and -insertion 2 should be identical with insertion 1, -insertions 3 and 4 were moved 1 cm off insertion 1 in the cranial and caudal direction, respectively, -insertions 5 and 6 were moved by 1 rib from insertion 1 in the cranial and caudal direction, respectively.
Equipment error
In order to determine the capacity of the instrument to measure the fat depth and the muscle depth correctly, tests were carried out to examine: -the instrument capacity to measure identical values in a repeated insertion in the same carcass, -the capacity of various instruments of the same type to measure identical values.
Instrument capacity to measure identical values in a repeated insertion in the same carcass -repeatability
Measurements were carried out in an abattoir under normal operating conditions on 357 slaughter pigs. A single instrument was used to make 2 classification insertions in a single carcass. In order to remove potential effects of the classifier and the instrument, 3 classifiers and 2 instruments of the same type (FOM-SFK) were included in the test. Measurements were carried out according to the following scheme (Scheme 1).
Capacity of various instruments of the same type to measure identical values -reproducibility
Because it is expected that variation between individual copies of the same type of equipment is small, but nobody knows its size, the objective of this experiment was to assess the variation between copies of the same type of equipment.
To this end, 360 carcasses were measured with three different copies of the same type of equipment by one operator according to the following scheme (Scheme 2).
Operator error
Operators influence the measurement differently because of different slaughter conditions, even though they have the same training. Therefore some differences between them exist. Because the biggest variation of measurements is expected to come from operators, the trial was carried out under industrial conditions. The aim of the trial was to determine the repeatability of measurements with the same equipment with respect to the operator (differences between operators O1, O2 and O3).
The objective of this experiment was to assess the variation between operators. To this end, 720 pigs were used. Operator O3 and equipment 2 are normally used in the abattoir. The measuring equipment (FOM) and the operators were alternated according to the following scheme (Scheme 3).
RESULTS AND DISCUSSION

Place of measurement
Results from the trial with the shifted place of measurement are summarised in Table 1 . Table 1 shows that the instrument measured the fat depth correctly in the second insertion (repeated measurement). The average difference from the first insertion amounted to 0.26 mm and the correlation coefficient was 0.98. A higher measurement error was recorded for the muscle depth (average difference of 0.53 mm), but this had no effect on the accuracy of the lean meat percentage estimate. For lean meat percentage, the average difference between the second and the first insertion amounted to -0.12% with the correlation coefficient 0.95.
It follows from the results of the first and the second measurement that the instrument is capable of the correct measurement of fat depth and muscle depth. A small inaccuracy in the determination of muscle depth (which, however, had no large effect on the determination of lean meat percentage) can be explained by a possible distortion of the muscle caused by the first insertion.
In insertions 3 and 4, the place of measurement was moved by 1 cm in the cranial and caudal direction, respectively. Compared with the measurement in the correct location, the differences in measured values are not high. For fat depth they amount to -0.30 mm and -0.02 mm, respectively, and for muscle depth to 0.17 mm and -0.19, mm respectively. This was further confirmed in the determination of lean meat percentage in carcasses. When the place of measurement was moved 1 cm in the cranial direction, the average difference from the first insertion amounted to 0.30% and when the place of measurement was moved 1 cm in the caudal direction, the average difference was negligible. As regards the correlations, they were high in this respect (0.92 and 0.85).
It is clear from the results that there is not a significant difference in the determined lean meat per- In insertions 5 and 6 the place of measurement was moved by 1 rib in the cranial and caudal direction, respectively. In this case the differences in measured values compared with the correct place of measurement were higher. The lowest fat depth was determined in insertion 6 and the highest in insertion 5. It can be stated that in the examined area the fat depth is declining in the caudal direction. Compared with the correct place of measurement, average differences in the measured fat depth amounted to +0.94 mm and -1.11 mm. A similar, but reverse trend was confirmed for the muscle depth which was increasing in the caudal direction from 61.69 mm to 62.52 mm. This had an effect on the determined lean meat percentage which was growing with a more caudal place of measurement from 54.8% to 56.78%. This confirms that the place of insertion needs to be determined accurately.
When the place of measurement was moved by 1 vertebra in the caudal or cranial direction, the average difference in the lean meat percentage estimate, compared with the correct place of measurement, amounted to -1.00% and +0.99%, respectively. This corresponds with the findings of Čandek-Potokar (2003) and Font and Engel (2003) .
Equipment error -repeatability
Results from the measurement of equipment error are shown in Tables 2 and 3. As mentioned above, the purpose was to examine the capacity of the same instrument to measure in a repeated insertion the values identical with those obtained in the first insertion. Table 2 summarises the results of the measurement by the first and the second insertion regardless of the used instrument and operator.
The results show a good repeatability of the measured values. The differences between the first and the repeated measurement were not significant. The second measurement determined lower fat and muscle depth. The average difference for fat depth amounted to 0.35 mm and for muscle depth to 0.20 mm. Slight differences were also found for the determined lean meat percentage, which was on average by 0.30% higher in the repeated measurement. The results suggest that the measurement of fat depth is more reliable (Čandek-Potokar, 2003) . For the 357 examined animals, the difference between the first and the repeated measurement ranged from -3 to +3 mm.
The results of the muscle depth determination were considerably worse, with the highest difference amounting to 38 mm. This relatively high difference may be caused by distortion of the muscle after the first insertion. The instrument was not able to determine the muscle depth accurately in the repeated insertion. Logically, this in turn caused differences in the lean meat proportion determination, with the differences between measurements ranging from -6.07% to +9.29%. It needs to be emphasised that for the marketing of slaughter pigs, the classification needs to be done on the basis of the first insertion. In the event of unsuccessful measurement, it is better to move the second insertion by about 1 cm, however always between the 2 nd and the 3 rd thoracic vertebra. Table 3 shows correlation coefficients between the first and the second insertion depending on the operator and the instrument used.
The above table shows a high correlation between the first and the repeated fat measurement for all operators and both instruments (0.95-0.98), which corresponds with the results of Merks (2003) and Čandek-Potokar (2003) . Regarding the muscle depth, it is clear from the correlations that there is a problem with the muscle depth determination. In this respect, the correlation coefficient was only 0.19 for operator 2 and instrument F2. In spite of that, the determination of lean meat percentage was satisfactory in the repeated insertion with correlations in the range of 0.67-0.92. Tables 4 and 5 show the results of the measurement of errors of various copies of the same type of equipment. Table 4 shows correlation coefficients between the determined fat depth, muscle depth and lean meat percentage.
Equipment error -various copies of the same type of equipment (reproducibility)
The above table shows a trend confirmed in previous tests. Various instruments measured the identical fat depth (r = 0.57 -0.97) without greater problems while lower correlation coefficients were found for the muscle depth (0.38-0.78). Table 5 shows average differences in the determination of fat depth, muscle depth and lean meat percentage between the first and the repeated measurement using various instruments of the same type (F1 -F2 -F3).
It can be seen that the lowest average differences were found for the fat depth, which corresponds with the results of Čandek-Potokar (2003) . The greatest difference amounted to 2.25 mm and other differences were also statistically significant. Larger differences were found for the muscle depth, namely up to 6.56 mm. These differences in turn lead to different determinations of lean meat percentage. Depending on the instrument used, the differences ranged from -2.56% to +2.81%. It can also be seen that a significant difference was found for instance between instruments F1 and F2, while there was hardly any difference (statistically insignificant) between instruments F2 and F3. It needs to be stated that the function of all instruments was verified by a calibration roller before the measurement.
Operator error
The results of the measurement of operator error are shown in Tables 6 and 7. Table 6 provides a summary of correlation coefficients for the results of measurement by a given operator and his controls (repeated measurements by the second and third operator). The results show a good agreement between operators in the determination of fat depth, which is documented by the average correlation coefficient 0.90. The agreement between measurements was lower for the muscle depth, where correlation coefficients ranged from 0.36 to 0.57. For the lean meat proportion, the correlation coefficient between the first and the control measurement was in the range of 0.71-0.80. Table 7 shows the absolute values of differences measured between the first and the control measurement for individual operators. The smallest differences in the measured fat depth were found for operator 2. For operators 1 and 3, statistically significant differences between the first and the control measurement of fat depth were determined, but these differences were not very large, -0.36 and -1.26 mm. Slightly larger differences ranging from +3.51 to -3.66 mm were found for the measurements of muscle depth, and the situation was similar for lean meat percentage, where average differences ranged from +1.59 to -0.43% depending on the operator. It can therefore be concluded that the operator may also have in part an effect on the classification of slaughter pigs (Čandek-Potokar, 2003; Oksama 2003) .
CONCLUSION
The results document that the correlations between correct and surrogate measurements of fat depth are high (0.95-0.98), for muscle thickness they are lower ranging from 0.49 to 0.88, and for lean meat proportion they are in the range of 0.85 to 0.95. The lowest correlation (0.49) was calculated for the muscle depth measurement between the rd last rib where the place of measurement was moved 1 cm in the caudal direction, which influenced the level of the FOM correlation.
As for the equipment error (repeatability) or, in other words, the possibility of repeated insertion, it was demonstrated that in the second insertion the equipment is not capable of an accurate measurement of muscle depth. Differences in the predicted lean meat percentage may range from -6.07% to +9.29%. Therefore, it is necessary to carry out the classification on the basis of the first insertion. If the insertion needs to be repeated, it is better to move the place of insertion by about 1 cm in the cranial or caudal direction, but it is necessary to keep it always between the 2 nd and the 3 rd thoracic vertebra. In relation to the measurement of errors of various instruments of the same type it can be stated that various instruments can provide the identical measurements of fat depth without greater problems (r = 0.57-0.97). The performance is worse for muscle depth (0.38-0.78), which causes a fluctuation in the prediction of lean meat percentage with differences ranging from -2.56% to +2.81%. It can also be concluded that a high agreement between operators was proved in the measurement of fat depth (r = 0.90), while it was lower for muscle depth (r = 0.36-0.57) and the determination of lean meat percentage (r = 0.71-0.80). 
